INTRODUCTION
In the past, great incisions were the symbol of a great surgeon. This paradigm has changed with the introduction of laparoscopic surgeries described in the 1980s. Since then, these initial studies have been followed by myriad advances (Litynski, 1999; Semm, 1983) . Outstanding exploration of the abdominal cavity coupled with reduced pain, hospital stays, recovery time, and surgical-site infection, and better cosmetics make it a preferred method of surgery in many cases (Nguyen et al., 2004; Chung et al., 1999; Champault et al., 2008; Lee et al. 2013) .
A more recent advance in laparoscopic surgery is natural orifice transluminal endoscopic surgery (NOTES) (Kalloo et al., 2004) . In most instances of NOTES, the endoscope is passed through a natural orifice rather than an incision. As such, NOTES is considered less invasive and scarless Hong et al., 2009; Qiu et al., 2011) . Transumbilical single incision surgery where a single incision is made at the navel was also introduced as scarless surgery. One concern with transumbilical incision surgery is determining how deep to dissect. The umbilicus, or navel, is a scar where the umbilical cord was attached during fetal development. In some patients, the tissue underlying the umbilicus is thin and amenable to incision. Conversely, other patients have very narrow umbilici and deep underlying tissue. Given that there is no rapid method to determine the depth of tissue beneath the umbilicus, we sought to assess whether there is a correlation between umbilical diameter and thickness. This study evaluated the relationship between these two parameters of the umbilicus in order to develop a simple means of assessing umbilical anatomy.
This pilot study was performed in order to better understand the umbilical anatomy as it relates to laparoscopic surgery. Vessels located beneath the umbilicus were analyzed. Despite its many benefits, especially during entry, laparoscopic surgery is associated with serious complications such as gastrointestinal tract and vascular injuries (Liu et al., 2009; Ahmad et al., 2007; Krishnakumar & Tambe, 2009) . Vascular injury is a major cause of death from laparoscopic surgery, with a reported mortality rate of 15% (Krishnakumar & Tambe) . To reduce the risk of these complications, many types of entry techniques have been evaluated. Even so, information on the umbilicus, a typical entry site for these procedures, is lacking. Therefore, the type of vessel located beneath the umbilicus and depth to the vessel were assessed.
MATERIAL AND METHOD
Study design. This study was a retrospective analysis of computed tomography (CT) scans that included the umbilicus. The institutional review board at the Armed Forces Medical Command approved this study and informed consent was waived.
Patients. From January 1, 2010 to December 31, 2010, we identified 861 patients who had undergone CT that included the umbilicus. Of these patients, 19 were excluded from analysis owing to one of the following reasons: previous operation via the umbilicus, pathologic lesion at the umbilicus including umbilical hernia or fascial defect, radiologic reports that influence abdominal structure like ascites and scoliosis, or the position during the CT scan obscured the aorta or other vessels under the umbilicus. Patients who underwent a repeat CT scan within 3 months were also excluded. Also because the present study was performed in a military population, only limited females were included.
CT imaging. CT examination was performed with a 16-channel multidetector scanner (BrightSpeed Elite; GE Healthcare, Milwaukee, WI, USA). All images were displayed on a picture archiving and communication system (PACS) (Centricity Enterprise Web 3.0.10, GE Medical Systems, Milwaukee, WI, USA). Measurements were taken using unenhanced axial images. However, for identifying vessels directly beneath the umbilicus, enhanced images were used. Measurements were obtained in millimeters and rounded to the nearest thousandth.
Method of measurement . Umbilical thickness was measured as the shortest length between the exterior of the skin and the surface of the peritoneum using axial CTimaging on PACS. If the peritoneal margin was unclear, it was measured at the point between the medial borders of both rectus abdominis muscles. The tissue depth recorded was the point at which the umbilicus was thinnest. In cases of asymmetrical umbilici, meaning the skin margins were vague, the deepest distinguishable point was used to measure the depth, and 2 mm above the deepest layer of umbilical skin, transverse lengths between both sides of the umbilicus were measured to get umbilical diameters.
The depth of the skin and subcutaneous fat layer were combined and defined as "skin thickness" in this study. The skin thickness was defined as the depth between the exterior of the skin and the superior side of the rectus sheath. Muscle thickness was defined as the depth between the superior and inferior border of the rectus abdominis fascia. For both muscle and skin, the thickest measurement was documented. Cavity diameter was defined as the longest transverse length of the peritoneal cavity. Likewise, abdominal diameter was defined as the longest transverse length of the abdomen. All parameters were checked on the same image for each patient at the point where the umbilicus was thinnest ( Fig. 1) . Fig. 1 . Tissue depth was measured using axial CT imaging on PACS at the point that the umbilicus was thinnest. Umbilical thickness was measured as the shortest length between the exterior of skin and the surface of the peritoneum. If the peritoneal margin was unclear, it was measured at the point between the medial borders of both rectus abdominis muscles, and 2 mm above the deepest layer of umbilical skin. Transverse lengths between both sides of the umbilicus were measured as umbilical diameters. Depth to the vessels was measured from the deepest portion of the umbilical skin. The vessels are generally located on a vertical axis directly beneath the deepest layer of umbilical skin and have diameters greater than 5 mm. In this case, the RCIA was identified.
Additional measurements for the depth to vessels were determined from the deepest layer of skin beneath the umbilicus. The vessels are generally located on a vertical axis directly beneath the deepest layer of umbilical skin and have diameters larger than 5 mm (those less than 5 mm were not included in this study). Branches of the superior mesenteric artery and vein (SMA and SMV) and inferior mesenteric artery and vein (IMA and IMV) were the main vessel. The common iliac artery and vein (CIA and CIV) were defined distal to bifurcation; bifurcating areas were assigned to the aorta and inferior vena cava (IVC), respectively. If the vertical line from the lowest umbilical layer of skin was located between the aorta and IVC, the point nearest to a vessel from the vertical line was used to measure the depth to the vessel.
Statistical analysis. Mean, standard deviation, and range of each parameter were analyzed. Differences between sexes were analyzed using the independent sample t test. One-way ANOVA was used to compare the sex of the patients to the type of vessel located directly beneath the umbilicus. Parameters that could influence umbilical thickness and diameter were analyzed using Spearman's correlation analysis. Multivariate analysis was performed via partial correlation between umbilical thickness and diameter. Other factors were adjusted, and the correlation coefficient between umbilical thickness and diameter was analyzed. All statistical analyses were performed using SPSS software (Version 17.0, SPSS INC., Chicago, IL). P <0.05 was considered significant.
RESULTS

Features of the umbilici.
A total of 842 CT images were analyzed. Features of the umbilici are shown in Table I . The average umbilical thickness and diameter were 8.2±4.9 mm and 3.5±2.4 mm, respectively.
Anatomic features of the umbilici and other parameters analyzed by sex. Umbilical thickness and diameter were compared between males and females (Table II) . On average, the umbilici of male patients were thinner and wider compared to those of female. Moreover, the integument was thicker in female patients while the muscle layer was thicker in male patients.
Relationship between umbilical thickness and diameter. Larger umbilical diameters were associated with thinner umbilici. Additionally, umbilici with larger diameters tended to have thicker skin and a wider abdominal diameter (Table III) . Factors relating to umbilical diameter were also analyzed (Table IV) . Thicker umbilici and skin thickness were correlated with a narrower umbilical diameter. To evaluate the correlation between umbilical thickness and diameter without the effects of confounding factors, partial correlation analysis was performed (Table  V) . All factors except for of umbilical thickness and diameter were adjusted. Wider umbilical diameters remained correlated with thinner umbilici.
Assessment of the vessels located beneath the umbilicus and depth to the vessels. As depicted in Table VI , the aorta was the most common vessel found beneath the umbilicus, followed by the right common iliac artery (RCIA). These vessels were located 61.1±18.8 mm and 58.1±17.7 mm from the umbilicus, respectively. The SMA and IMA were uncommon vessels, however, generally closer to the umbilicus.
DISCUSSION
The present study was performed to evaluate the anatomy of the umbilicus. Basic information regarding this topic is needed so as to make better-informed surgical decisions when performing transumbilical entry procedures. As such, we retroactively analyzed CT scans from 842 patients. Table V . Partial correlation between umbilical thickness and umbilical diameter.
Correlation coefficients were presented. Table VI . Assessment of the type of vessel located beneath the umbilicus and depth to the vessel.
All dimensions are in mm. Data are presented as Mean ± Standard deviation. IVC= inferior vena cava; RCIA= right common iliac artery; RCIV= right common iliac vein; LCIA= left common iliac artery; LCIV= left common iliac vein; SMA= superior mesenteric artery; SMV= superior mesenteric vein; IMA= inferior mesenteric artery; IMV= inferior mesenteric vein commonly found directly beneath the umbilicus. Even though the SMA and IMA (larger than 5 mm) are rarely found in this location, our study did note them. Given this information, surgeons should take care to check for branches of the SMA and IMA as they dissect through the umbilicus.
While other imaging tools such as ultrasonography (US) offer certain advantages, for this work, the benefits of CT outweigh the detail of US. Typically, umbilical anatomy is not assessed during routine abdominal US. Moreover, CT scans can yield information without diagnostic interpretation, making it a more objective tool. CT imaging also lends itself to large scale, retrospective studies, such as this one. Another advantage of CT versus US is that vessels, like the aorta, are not always visible on US (Koda et al., 2007) . An alternative to imaging techniques is to use a cadaver. While cadaver studies may produce more detail, statistical power is lacking as access to cadavers is limited. Fathi et al. (2012) reported on umbilical anatomy using cadavers but that study only enrolled 24 subjects. Conversely, a large number of cases can be analyzed via CT and acquiring statistical power is simpler.
Our study has the limitation that it was performed at a single military hospital. Although civilian patients were enrolled, nearly all of the patients in this study were young, male soldiers. As a result, there was a significant difference between the average age of the male and female patients. However, there was no statistical difference when age was factored into the measurements of the umbilical thickness and diameter. Also lacking was additional morphological data, such as height and weight. These factors may play a role in umbilical anatomy and would be of interest for follow-up studies. Overall, additional investigation is warranted as a more stratified population may produce different results, or better confirm the data we present here. Also evaluation about correlation of CT measurements with actual operative measurements is required.
Of great interest is to determine if there is a relationship between umbilical anatomy and clinical results following these surgeries. There are some reports that indicate transumbilical surgery led to greater pain than conventional laparoscopic surgery (Kim et al., 2012; Jung et al., 2011; Phillips et al., 2012) . Umbilical anatomy might influence pain following transumbilical surgery. Narrow and thick umbilici require a wider dissection area for entry and may lead to greater injury during operation than wide and thin umbilici. Given the results presented here and the supporting empirical evidence, the use of transumbilical surgery should be evaluated in terms of umbilicus anatomy.
In conclusion, a wider umbilical diameter was correlated with a thinner umbilicus. The average umbilical thickness, diameter and other features were analyzed. The most common vessels detected beneath the umbilicus were the aorta and RCIA. Surgeons should take basic umbilical anatomy into account during the laparoscopic entry procedure. Further studies regarding umbilical anatomy and clinical correlation are warranted. RESUMEN: Las cirugías laparoscópicas se introdujeron en la déca-da de 1980. Recientemente, se han desarrollado técnicas similares, tales como cirugía endoscópica transluminal por orificios naturales y otras cirugías transumbilicales avanzadas. Con todos estos avances quirúrgicos, es insuficiente la información básica sobre el ombligo. Este estudio evaluó la relación entre el diámetro y el espesor umbilical, así como los vasos subyacentes, a fin de desarrollar un medio simple de evaluar la anatomía umbilical. Se revisaron retroactivamente 842 imágenes de tomografía computarizada que incluían el ombligo. Se midió espesor umbilical, diámetro, el tipo de vaso situado bajo del ombligo, y la profundidad junto a otros parámetros. Se observaron edad y sexo, y se analizó su relación en lo que respecta a la anatomía umbilical. Espesor umbilical medio y el diámetro eran de 8,2 mm y 3,5 mm, respectivamente. Vasos directamente bajo el ombligo se localizaron en promedio 60,0 mm del ombligo. Los vasos más comunes detectados fueron la aorta y la arteria ilíaca común derecha. Un diámetro más amplio umbilical se correlacionó con un ombligo más delgado. Como en los orificios naturales la cirugía endoscópica transluminal es relativamente nueva, se justifican más estudios en relación con la anatomía umbilical y su correlación clínica. Sin embargo, este informe pone de manifiesto la importancia de la anatomía básica umbilical, y que estas características se deben tener en cuenta durante el procedimiento de entrada laparoscópica.
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